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TECHNICAL NOTE NO. 1377 -

WIND—-TUNNEL IN'VESTIGATION oF UNSHIELDED "HORN BAI.ANCES
ON A HORIZON'JZAL TAIL SURFACE

By John G. Lowry and’ Stewart M Crandall
SUMMARY

A wind-tunnel investigation has been made to determine the
serodynamic. characteristice. of- & horizontal tail surface with
various amounts of unshielded horn balance and with the surfece
condition similar to that of a typical fabric-covered 'elsvator.

The wind-tunnel results indicated that the. increments for the -
variation of hinge-moment coefficient with engle of attack end
elevator deflection caused by chenge in the size of the unshielded
horn exre approximately linesr functions of the ratio of the horn
aree moument to the elevator aree moment. The control-force
characteristics as estimated from the wind-tunnel data and as
obtained from flight tests were in good egreement when the surface
irregularities of the airplane were simulated on the model.

INTRODUCTION

An investigetion has been made in the Langley T7- by 10-foot
tunnel and in flight of the horizontal tail.surface of a torpedo
bomber. Preliminary flight tésts of the airplane showed that a .
lsrge undesirable change in .trim force occurred when the flaps were
extended and that the maneuvering forces were excessive. The wind-
tunnel investigation wag uwndertaken to determine the aerodynamic ~ ~

characteristics of the tail surface with various amounts of unshielded )
horn balence so that a satisfactory configuretion could be determined. -

The varlations consisted of removing part of the unshlelded horn and
adding it to the stabilizer. Flight tests of one a::ra.ngement were -
made to corrcoborate the wind-tunnel results _ -

The present paper glves only the details of the wind-~tunnel
investigation. The control cheracteristics obtained in flight are
compared with those estimated from wind-tunnel data.

IMH I'Ir'
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METHODS AND APPARATUS

The test setup is shown schematicelly in figure 1 and in the
photograph of figure 2. The semispan model was mounted vertically
in the Langley 7= by 10-foot tunnel with the inboard end adjacent
to the tunnel floor which thereby acted as & reflection plane. The
model was supported entirely by the balance frame with a small
clearance at the tunnel. floor so that all forces’ and moments acting
on the model could be measured. The flow over the model simulated
the flow over the left semispan of & complete horizontal tail
mounted in a 10- by lh~foot tunnel. Provisions were made for
chenging the angle of attack of the model and the deflection of the
elevator while the tunnel was in operation. Elevator hinge moments
were measured by meens of an electrical strain gage mounted within -
the elevator. No tab hinge moments wore recorded

The O.5-scale model of a left horizontal tail surface was
furnished by the menufacturer and conformed to the dimensions given
in figure 3. Geomstric characteristics of the model and the ailrplane
are given in table I. The modsl represented the part of the airplane
crosshatched in figure 4.

Pour dlfferent amounts of horn were tested on the model (fig. 5).
In these variations of the horn, strips abont 1.5 inches wide were
cut from the horn-and added to the stabllizer. The gap between the
cutboard end of the stabilizer and the horm was kept at & ccnstent
value of 0.25 inch.

Certein modifications were made to the elevator during the tests
which made the model more nearly represent the horizontal tail surface
of the particular ailrplane flight btested. The detalls of the
modifications are shown in figures 5 to 7. Medification A consisted
of enlarging the gap between the stabllizer and elevator by replacing
the circular trailing-edge section of the stabilizer (fig. 3) with a
channel section (fig. 5) Modification B included modification A and
in addition congisted of enlarging the cut-out for thée hinge-moment
device to correspond to the tab mechanism cub-out on the alrplane..
Modification C included modifications A and B and an alteration of the
elevator to simulate the contour and surface irregularities of the
febric-covered elevator on the alrplane (fig33“6 and 7).

A dynamic pressure of 18. 37 pounds per square foot was maintained
for all tests and coxrresponds to & velocity of approximately 80 miles
per hour and to a test Reynolds number of 1 920 000 based on the model
mean chord of 2.63 feet.
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COEFFICIENTS

Cy, 11ft coefficient (L/qS)
Cp drag coefficient (D/qS)

Cn pitching-moment coefficient (M/ch')'

Ch elevator Hinge-moment coeffi.cient (Ho/qbete2)
where
L twice 1ift of semlspan model
D twice drag of ssmispan medel
M twice pltching moment of semispa.n model about mounting
axis {fig. 3)
He twice elejator hinge moment of gemlspan mod.el.
q dynemic pressure (—%pvé)
S twlce area of semlspan modsl
be twice elevator span of semlspan model
c! mean chord of semispan model
Cq root-mean-square chord of elevator I
end | —
0 mass density of alr . :
v free-stream velocity
¥ Indicated airspeed _ o _
o engle of attack, degress
Se elevator deflection relative to stebllizer, positive
when trailing edge 1s deflected downward oo . R
B¢ tab deflection relative to elevator, positive when"brailing

edge 1ls deflected downward
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elevator chord, inches ' S o —

tab chord, inches

stick force, pounds

rate of change of downwash a.ngle at tall of airpla.ne with
airpla.ne angle of a'b'back

normzl a.ccelera.tion d.ur:lng maneuvérs s 8 wmnits |

elevator area moment behmd hinge axis about elevator hinge
axis -

horn area moment bowt elevator hinge axis (fig. 3)

&Cp ' ' ' .
e CUEYOE  patio of increment of hinge-moment coefficient obtained
ACy, from curves of plotited data to increment obtained
slopes from slopes of hinge-moment curves meagured
at o =8y =00 :
ML —
CL Tm——
o \da 80,54
o, (ﬁ_)
e \9%, .
¥
c, = —=
h
* o B¢: 8%
3C
° o, By,
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Cy
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CORRECTIONS

Jet-boundary corrections were cbtained by the methods of
reference 1 and were applied to all the data as follows:

B
G

B

Ax =

B
S

1.&80L

0.02350L'2

= o.oosch

= 0.0053C; .

No correcticms have been made for the effect of the gap between
the root ssction and the floor or leakage around the support strut.

PRESENTATION OF DATA

Results of the tests of various horns , elevator modifications,
and teb settings ere presented in figures 8 to 20. Figure 21
illustrates the variation of Cp,, ond Cha ‘as a funétion of the

©

ratio of horn aree moment to elevator area mo'mant,. A comparison
of the curves of Cy egeinst 56 for the various horns is presented

in figure 22. TFigure 23 gives for one of ‘the modified tail surfaces

a comparison of the longltudinel trim characteristics estimated Ffrom
wind-tunnel date with the trim characteristics obtained in flight.
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DISCUSSION

Hinge-Moment Characteristics :

The results of both wind-tunnel and flight tests with the
original elevator (see tabulated stick forces in teble II) indicate
that it is necessary for the model to represent the tall surface
of the airplane ae nearly as possible if correlation with flight
tests is to be expected. A summary (teble II) of the parameters
obtained from the wind-tunnel tests (figs. & to 20) shows that the
original model gave values of chm and Ch - more negative than

the average values obtained from flight. Since it was desirable to
determine the effects of each modificetion on the hinge moments,

tests were mede of modification A, then of modification B. The effects
of modification C were obtained with horns 3 and Y4, and there effects
applied to the other hoxms.

The main effect of increasing the elevator gep and adding the
tab=-linkage cut-out (modificetions A end B, respectively) was to
increase comsiderahly the negative value of. Cha . Combination of

modifications A and B decreased Ch by only 0.0002. The effect of

altering the elevator contour (change from.modjfication B to
modification C) was to increase the value of Ch by 0.0005 and to

increase the value of Ch8 by 0. QQOB It is very likely that the

positive increase in the hinge~moment parameters was due largely to
the increase in the trailing-edge angle of the elevator (modification C).
(See reference 2.)

The effect of chenging the horn area on the hinge-moment
perameters (fig. 21) shows that the variation of C,, and Ch& for
o, e

both modificetions B and C is epproximately & linear Ffunction of the
ratio of horn aree moment to slevator arsa moment over the range of
horne tested. The point for no horn was obtainsed from reference 3.
It must be remembered that these parameters as well as those in

teble II were obtained over a small elsvator-deflectlon and angle-of-
atback range snd are not the average velues over the flight range.

The varilation of elevator hinge moments with elevator deflection
for three of the horns ftested is shown in figure 22. Hinge moments
for the plain elevator (no horn) were cbtained from reference 3.
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In estimating control characteristics, the actual hinge moments and
not the slopes (Ch and  Cpg ) should be used to determins the
e

incremental values of Ch

T

Lift Characteristics
. The' 1ift peraméters chc,’l cLﬁe’ and dﬁe were not affected

appreciably by changes in the size of the horn or hy the surface
modifications. The effects on the parameters are shown in teble IT,
which includes. a summary of the 1lift parameters for the various
arrengements tested. Fnlarging the elevator gap (modification A)
produced. the greatest change, that is,' both (JL8 and aﬁ'e decreased

in magnitudse.

Tab Chardcteristiocs .

The results of the teb tests for the original teil with hoxrn 1
are shown in figvres 8 to 1l, and tab tests with modification C and
horn b are shown in figures 18 to 20. A sumary of the teb results

( . end Oy ) is {ncluded in table II.
L, 5
4 t

Tab deflection caused only small variations on the elevator
hings -moment paremeters Ch and. .Chs - The main effect was a

displacement of the elevator hinge-moment curves - Note that the ..
combined effect of surface modification and horn variation (teble II)
caused no noticeable. effect on .the value of Ch

t

Egtimated Airplane Cheracteristics and
. Comparison with Flight Results

: Several control characteristlics of the airplane were estimated
for each of the conflguratlions tested.  The characteristics are
tabulated in table IT for an easy comparison. The conbrol :
characteristics were estimated from the geometric characteristics of the
alrplane shown in teble I and from the control-surface deflection .
as determined from flight tests of. the airplane: -'The method used for
the stick-force computation is given in the eappendix.
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Table II includ.es in- ad.dition to, the estimated control
characteristics of the airplane, results of flight tests for a
direct comparison with the tunnsl deta. In all cases, the’values
given are for a normal center-of-gravity location of 25.5 percent
of the alrplane mean aerodynemic chord.

The stick forces from flight teste show excellent agreement
with the estimated stick forces for the model with modification C
and horn 1. - This close agreement of the modified model emphaslzes
the importance of similating airplene surface lrregularities on
models 1if any reasoneble comparison with flight tests is sought.

The flight tests and the tunnel tests. for the original elsvator
show that the airplane had undesireble control characteristics, that
is, high stick forces in maneuvers and in trim changes due to flap.
The tail showing the most promise from wind-tunnel tests,
modification C and horn 3, which incorporated a balencing t2b in
place of the trim teb, was flight tested. Results of the flight tests
(teble IT) indicate, as 1s also indicated from wind-tunnel tests,
that this srrangement decreased considersbly the undesirably large
control forces and generally made these forces acceptable to the
flying requirements (reference lt) for this type ailrplans. There
wag close agreement between wind-tunnel data and fligh'b data for the
airplane with the revised tail.

- A comperison between flight and estimeted characteristics for -
the airplane with modification C and horn 3 is shown In figure 23.
The stick-force variation with airspeed is very similar in.the power-
off condition for both instances. The power-on condition showed a
larger discrepancy, mainly a trim change. - This trim change is
probably due to the fact that varisbles caused by power could not
be adequately accounted for In the calculstions.

CONCLUSIONS

A wind-tummel investigabtlon was conducted to determine the effect
of unshielded horn balances on the aesrodynamic cheracteristics of
a 0.5-scale model of the left horizontal tall surface of & torpedo
bomber. Control charescterigtice for the alrplane were sstimated from
the wind~tunnel data and compared ‘with flight data. The following
conclusions were indicated: )

1. The va.ria'tion of hinge “moment coefficient with angle of
atback and with elevator deflection ceused by & chenge In the size
of the unshielded horn was approximstely a linear function of the
ratio of horn area moment to elevator area moment.
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2. The 1lift parameters were not affected eppreciably by
changes in the size of the horn or by the surface modifications
intreduced.

3. Very close agreement betwoen the oontrol-force characteristics
of the alirplane as determined from flight date and characteristics
estimated from wind-tunnel data was obtained.vhen the alrplane
surface irrvegularities were simulated on the model.

Lengley Memorial Aeroneutical Ieboratory
National Advisory Committee for Aeronautics
Lengley Field, Va., April 25, 194t
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APFENDIX

COMPUTATION OF STICK FORCES

All the stick forces except the values of dFS/dn were cowputed
from the relatlonship

1175 Ao

Ty = T, °h

vhich was derived from the elevetor dimensions and the geometric
characteristics of the mirplane given in table I. For these

computations the elevator-stick deflection curve was assumed to be
e straight line. The values of AL, were cbtained from the hinge-

moment curves using the deflections of elevator and sngles of attack
determined from the flight-test results. The angle of etitack weus
determined from the flight data by subitracting the force due to
elevator deflection from the total force and determining the angle
of ettack from the flight value of Cy . For the computations of

o

trim characteristics the value of g at the tall was assumed to be
the free-stream value of ¢. This essumption was meds since the tail
1s Jlocated well sbove the thrust axis, end it is believed ithat there
ghould be less than 10-percent change in ¢ due to application of
power.

The estimated velues of dFgy/dn were obtained from the
relationship

‘ Cn I
?ff.: 12 0-8 % + 28 Chm Bourves
én

By -0.0015 0.0030/ &n

slopes

This method depends upon determining the increment of stick force
ceused by elevator deflection 8, and the Increment of gtick force
cauged by angle of attack o from flight-test data. For these
caloulations the flight-test date for horn 1 were used. The stick
forces for any of the other elevator configurations were obtained
by first multiplying the increment of gtick force due to B, by
the reciprocal of the lift-effectiveness ratlo and Linmme-mamente
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coefficient ratio and then multiplying the stick force due to o by
the hinge-moment-coefficient ratio. The multiplication factor

&y
—CULVES gcorrects for the nonlinearity of the hinge-moment curves.

A0y

slopes
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TABLE I

GEOMETRIC CHARACTERISTICS OF AIRPTANE AND 0.5-SCALE
SEMISPAN MOIEIL OF HORIZONTAL TAIL SURFACE

[ Center-of-gravity location, 25.5 percent M.A.C.]

Geometric
characterlstics Airplans Model
Gross welght, '1b 12,610 | ====-
Wing erea, P12 oo | @ =esme-
Stick length, £t 1.5 | o ==e=-
Total stlick travel, deg 55 —————

Elsvator movemsent relative to
stebllizer, deg

Up Y O S

Down L
Horizontal-tail aree, sq £t 111.5 13.69
Horizontal-tail span, £t 20.83 5.204
Elevator area behind hinge

line, sq £t 48 5.93
Elevator root-mean-squere

chord, ft 2.536 1.268
Slope of airplsne 1lift curve 0.078 | @ =e==--
d¢/da 0.5 |  =ee--

NATTONAL ADVISORY
COMMITTEE FCR ABERONAUTICS
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TABLE II

CONTROL PARAMETERS AND STICK FORCES FOR VARIOUS
ARRARGEMENTS OF HCRIZOKTAL TAYI, SURFACE

Elevator | Stick force|d¥ |Stick force
Elevator deflection required to Tnj required to
modifi- {Horm| C C; C required ; land trim fleps
cation Lﬂ- cLse cLat | %o baq B8y, {to 1end (v Olb; (1)
(=) (=) () (2eg) (v (o (a)
Vind~tunnel tests ' )
Original| 1 |0.059|0.043|0.003|-0.72} 0.0018{ -0.0025} =0.0029 =17 39 34 =30
A 1| .059| .ObL|==--- 0] 0019} ~.0030| ===-e=-| -17 41 39 -32
B 1| 059 ObL|ew~e= = 70| .0016] ~.0035| =====-- -17 40 he ~30
ec 11 .058| .040}---== =69 .0021] =.0027} ~=-~==- =17 4o Lo ~ko
B 2 | .058] .0k2}~~m-- ~TO| .0009f ~.004O|~r-===- =17 ko 39 22
B 3| .058] .0b42|-wmn=]| «.60] =.0001} =.0050|======-! =17 L3 37 -7
iy 3| .058] .owL{ .003| ~.68] =.0001| ~-.0035|8-.0029| -17 22 27 -l
¢ 31 057 OkLj=-~==} -.68{ .0004| =.0042}=~~mm=-= =17 38 3 -13
fo 3 | .057] -oko| .003] -.68] .00k -.0027|8-.0030| -iT 20 21 =10
B L] .057] .okl }~=-~=- =.T0j =.0009] =.005T|====="= =17 ko 2 2
c 4 | 057! .oho| .003} -. -.0004] =.0050| =-.0030 =17 ko 2 -4
Flight tests
¢ 1 |emmemfammmn |oonen --==[0.0030|B~0.0015 | ~==-=-~ -17 -~ | ke
c 3 [mmmmm | [ S ELEEEE I cmmemenf ceann -~ - 26 -1z

® Paremeters of C, for wind~tunnel tests are for B =05 8, = 03 end a = O
Py, = 76 mph; trimmed at 120 mph with flaps down. ' )

9 V, =217 mgh; average for 2.4 n; initisl comdition: By = 0.50, e = 1%,

a Vv, = 120 mgh; initial conditiont 8, = 0°, a = 3.2°

:’Estimted. from effect of modification C on horns 3 and k.
B
Ej' = -0.5; perameters include effect of tab.

e
& pgtimeted from similer date on other arrengements.
h Average value over flight renge.

NATIONAIL, ADVISORY
COMMITTEE FOR AERONAUTICS
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Fig. 1
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Figure 1.~ Schematic diagram of test Installation,
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Figure 2,- Three-quarter front view of 0.5-scale semispan

model of horizontal tail tested.
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Fig. 6
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Fig. 9
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Fig. 11 NACA TN No. 1377
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Fig. 19 : NACA TN No. 1377
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